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# 5(1^1^ m ^ll^H^ 2 %\ AH-sflol^o.^. q.-oixH 2 *1- Al^o]^ 

£ 1 o]A o >ol 1 olAj-ol Al^efloiEil- °]^-is}^ ^^o] ^ 
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^ ^^{Simulation-based Verification Apparatus Achieving High Verification 
Performance, and the Simulation Method Using the Same} 

<l> £1 ^ ^ ^r*V ^Tfl ^ <^ ofl-g- /flSxjos £LAl*V . 

<2> 512 £ ^§7|1 5£ tf-E <a ofl# 7fl=*^5LS SLA] 

<3> 513 £r ^o>§l-^ H 0 V^O.S Al^eflo]^^ ^^§>^ 7 fl 5f= 

^j^-S. 51^1*!: 51^. 

< 4 > 514 ^ ^ 1H3<HM ^l^Rr ^l^e^l^^l- 1*} Aj^-eflo]^^- 

^711 5L^-# 7fl&T^o_S 51Al*t 51^. 

<5> 515(a) £r 511 3f ^ oj-g-^V ^7]j ^^o. ^ o. 7fl ^ 

£-3- 51 A] ^f- ^r-A^S^g- 517-] -st H.^. 

<6> 515(b) 512 Sr ^ °l-§-tr ^Tfl ^3)*Rr 7fl Sf^ 

5L^L 51 a] ^t ^7v|£# S. a] ft 

<7> 516(a) 512 ^ <>l-8-^r ^§31 ^^a] 2*h aI^o]^ 

^ »g^3jo_S. ^§Kr 7fl^^5LS 51Al*V cTg. 
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<8> 516(b) ^ 512 9\- ^ cl-g-^r ^711 2*1- o]^o^ Al^-efloi^ 

<9> <51^S] ^Jf^-ofl tflft ^Jro] ^> 

<io> 32 : 34 : Tsj^-eflojBl 

<n> 35 : 

Wit -Ml 

<12> ^- ^ o. TflolS^ °R>S] t\x]iQr *\^$] 7l^is}^ 

7]^o\] ^ 7ASLS., ^)^. TlH^g- o^S] ^xjTg- X|^i^ Al^-^o]^ 

* ^^j-jix} §Rr ^^Ml #7M 7l^ ^ ^ o]^ 

£]3L $l^r ^AflS. ^Bflofl <go} TlMH-g- o^o] ofl^Jl ZZ. 

*13MM3 7§t§£; c| xl1sflxls.s nam -f^r* 7fl 
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^711 € ^31 ^^*>7l ^H^H 7l^oi 

^(Hardware Description Language, <>1# HDLS. ^^r)# °l-g-«3r i§4| S 

7H^ iHH^H^ ^e^<?l HDL Al^-5flo]Bls-(^S Verilog ^Hr^HBl, VHDL 

5E^r SystemC *l#iSMBl ^-)o] ^ <&A . 

Al^-eflo]E^ ^Tfl ^ cfl^slSl- riHH^H^S 2.1^ ^*>3SI °JiB e -j 
^ ^€^3. iHH^H 3Hf >S-oflA-l ^*JS>c*}o) 

cfl^ 37H ti] 311 *H ^^Kr £-*H7V 51 Ji ^rL. <S °flS. 1000 ^ ?1HH 

^- opj-ol HDL ^l^-ellolBlS Al^eHo]^^ ^JjLofl «il H 

S^Mil- ^BHH sflig- HDL Al-^^olBj^ ^7ll# Al^ellol^^ ^^.oll 

^ll-5ll 0 l^ ^r^^r ellxl^Ei^^^^(Register Transfer Level, Sir^-S. °1# RTLS 
^f)^ §1^ ^-fofl 10 cycles/secl- ^7l7l o^-f^, tIMH ^ofl^ a]^ 
^1*3*>^ 1-2 cycles/secl- ^7l7l7> ^o] nfl^. <gti>;*l ol . 

*}. 

t}^- ^ ^#oi sJ^tfl, ^*fl^ §1-^1H 7l*Jr£l Al^ elicit 

7>^7l, §KE.3H ofl^-5j)o]el, FPGA H-SSBj-o]^ 4-§-^4, 
^ 1 ol^T-oi ^^fEKiS lOOtfl^l ^B^^H^^ 7>zJ-6|l HDL Al#i£|Mi=^ 
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^11- ^f-SH ^^-^^^^-(simulation faring 

^>-g-§>^ ^1^. n^q- §}J^H 7]^ ^ Al^^fl^ A>-g-§>^ ^ A^ ^71 

^l^r ^-8-<»l 1:71-^*1-31, t^om- ^sfH 2f^ol HDL a1^-5)1o]b1# A}-g-^ 

4 ^5fl ^^M, A>^-§>717> HDL Al^eflolE^l ufl-f o^jl, A^eAo] ^oi 

-a-^im^r ^-f # ^ ^5L, ^t^H" ^^H^H 

^1 HDL All-eflolEi^ cfltt #3:5.7} Sj-H.^<H 7ltiV*] Al^ofl *] ^ 

^ HDL Al^olE-l^ir o>^- ^ ^o] ^sjo] 3.1=-%°] gj-c^ 

ol 71^6] ^ Al^ofl^^ S£±r 7jo. 7 > ^o}^ o]^ s}^^ 7]^ 

Al^^S.^ ^l^^O] Aj-^-JZf ^l^^O] Al~g-7l~i;0flAin]- A>-§-Sj J7 &t}. EE^ 

^ 7fl°I ^-f B}jl SVt^S ^1 ^ ^^Al^ _o§}^ EfliHiffl^Hl 

^ Allelic] A£ Al^o] °^<U^r j5.<5R± ^^1^ Al^efloi^^-o. o^^^ 

I^ol °1^317> S}^ 71 ^] 

<16> n}^, a. M^o} js.*^ stflfl^g- rqxl^Al^efl aJtHI tfl^ ;g^g. <fl 

* ^UrCfM^ ^Aj-o. ^^o.^ 7}^} Til §Kr ^1^ ell ol^ 71^ ^§7)1 

^ ^ °1# ^7^1 ^ v^^r *\}^o\] 0}^. Al^eflolAlo- ^ 

«J*V J^l A^ 3.^-°fl Cfl^ tq^7j^- ^^S>7l ^711 SH.ofl ^711^ ^In 
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^t 0 ^ ^^1 tfl^ 7>a]^ (visibility)^ A^^tfl, -i^l ^ 

W «&o>tfl7l ^«1H ^1 511 °1 ^1 ^ ^n^SLsL ^ X\zi^ 

^^#^1 tfl^ ^_Q.*Vxll- ^^§>7l <H^Tr 7A°]t\. *1 

7i Xl^eiloj^ ^§V^ Tj^-^l^r, lit ^ *}*} QJL X\^-$]°)&Sr 

£ ^*IM*r ^7^1 3H.o|M ^SJ-§1 3f^-^>7l ^7^1 

3l*Rr 7]&2\ « 0 >^2Rr ^STll Al^eflol^ ^X|7_M; ^j)*] ^JLA-^E ^7^1 2H 
oflAi b^o] ^ SV^r « 0 Vtf^ o)^ ^ ^11- 

^fhi- IE x}-E B-^ o_S. ^cf. 

<17> ^71 iH^l £ ^ofl ^ A^ ^ ^ ± 

5E^H«} HDL a1^-^o]e^71- ^1^1-^ 1^1^ ^^e^S. ^ iHS^fl 

^ ^^ofl^ ^*S5l^, ^71 7 ^ 2oR>£] ^^s-o] oi^ 

7>^§>7ll W. 

<18> iiHS^H^r ^711 3Hf ^ ^ofl <^7l^rf ^ 7 }*\ 2Ef ^-7>^ 

30-8 



3 A^SLS- *]^°]#o] 4>Efl# 7-^Kr <3^g- ^r^}jl, 5E*r ^6J| A>-g-x> 
Si A^-ofl ixj-^ Al^eflol^o] A 0 >EflS^-Bi t±X\ X\^^]}o]^ ^7^}7\) *r 

A. °l^s] >S-Efl^ Al^-efloiE^^ ^HH3H HS-n^^l ^r^s]^r ^ofl 

^S] ^ Al^oflAi Al^-eflolEio] 2.-. ^ ^iL# <H^±r ^1^. o]^ ^B]HS- 

^ #3|(wait)5. #t}7> uf^ofl ^7fl( resume) §1-71 5)a>1\*\ *\^r°] <H ^ °) 

*>^r HS.n^sl -y-tfl ^iis]- -fr^W. 01 si- ^ x-l^-jg Al^eflo]^^ ^l-Bfl 

s h. e ^ rfAl Al-i-^oi^ ^711^ ^-M^r ^r-g-^>sl $]5L6\] x%t%*\ ^711 3.B.o\) 

^ ^711 5111 oil e^Rr ^ Aln^s-om ^^6fl tfl*V ^<5 r 7l ^ 

* ^Jt4. HDL Al^eflolBKVerilog ^Ht^H^M- VHDL a^^oIbD^ a> 

-g-§Rr ^-f^l ^11-511 °1^S1 Aj-Efll- ^eRr « 0 Vi*^ ^ HDL Al-i-^olBjSl 

save^fe ^>-g-^-3l, Al^eflo]^^- Al^Vofl^^ ^7fl§>^ « D >^sl ^ 

^SAi HDL Al-i-iflolBl^ restore ^ restart^ ^ A>-g-%v ^ oicf. 0 ] 

ol Til tflS. AH-^olAi^ Jg,§H ^cflA-l 

^§31 _$.^f-# ^7£§1-J1 ol § JZf^oflA] ti>H.Al ^711 ^T-flsRr S- 

^ ^Zl^^om- l^^o! ^ M 7-1 ^Cfl 0^7.-1 ^ oltr^ ^ 

(probing)§Kr ^ o] *J->y- ^A^r^f. ^-afl^ ^ i§7fl 3H.o||X1 ^ 
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711 -SMf* ^^Ka °]f ^§1-71 ^siH ig^o) rf_o*v ^ Ain^^om- ^ 

so] ojtg ^o]xl# Al^-ellol^ ^ofl ^^-§1 6fl^ ^ ^ o>q^, 

i> Al^eflol^^ ^ o.s. ^*S* ^1 1*} ^11:511^^ ^ 

^l!-5ll 0 l^ Al^> 0^1^-^-Bl Al^eflo]^ ^S^l^^l ^1*J§>^A-] HI-^ cfl^o] 

€ ^ ^mtfloflA-i ^3§>7ll ^ #°1 2*1- 

^Hr^fM^ ^*cHH£L ^711 £.ff-£] ^*}^, ^S.^ Ala^f^l+ 

0^*1^ 2Sl c]Aj- y>^-§>7ll ^ AlTi^ 3.711 ^^M-Tll ^ 

<g o]^- ^ tit^-^^l ^31 °1^M: ^s>jix> 

^ll^H^ ^r s S *H ^711 $*fl*Hr ^ tfl# 

^Sj-ji ^l#elH^ *I ^f^l °1## ^H^a-1 xisj^o) 

neiM- o-|<4 ^-o] ^711 s=^l ^flsHr ^izi^^sl- a] 

1-^11 ?1^§>711 £l^ ^1*3^1 &JI Al^Eflol^^- AlS| ^ofl til§> 

^ ^11:^1 °l^d ^m°l cfl^ 2«H1a-1^-b1 a^tfl 5«fl *>1# ^7>§>7ll °1 # 

n -^m^: 3711 ^S] Til €^f. ^1^- €711 2E1 #^fl§>ir 
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tllojE^ 3.7] 7} ^ 7l7}v}o]^6\)X]^ ^«fl 7 ] 7 }u}o)^ o)J$r ^7\r>\?\] . 

^ 3. ^.^o^ cil^lEii- ^^71 fl*IH*r tfl-g-^s] §}Hciiaf lis 
1> ^ <>HM, o]<q. ^^(ofls. VCD 7-]^ nfl 

o]Ei# ^BjS. tH^H 4^ ^7] (waveform viewer) 3. ^4*^ sf^^^S ofl 

-f ?J ^m^l €-8-^-711 °1 Stt #*fl ^ ^7}X\f)7\] ^Cf. 

SHfl^l &ul ^\^7\] 7]^}o]^ ^sj^- ^ ojTfl ^cf. o]<q. ^ 

^ ^ 7}^}o]^ A]7Y 0 6\}A] Qjl Af-g-Xj-71- ^ °1 9X^ °1 ^ 

Al^-eflo]^ Al^ofl^ JfB) nfl 10,000 M-^S^>^-, nfl 5,000 Al^-eflo]^ Afoj-3. 

n>cf)^i4 ^ ^Rr ^ 0t ^, ... tt v}t[ Al^eflol^o] Aj-Efl 5oj Slj _ St 

1- ^^l7]ir °]S>\- 1 Xl^oflAi Al^eflol^o] 4>Hfl# 7^ 

^l^^^^BlS. 7}^7]} ^4. u}5^ 1*> Al^o]^ -£31 3H.<*|| 
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^^t- a^^jl ^ tfl^-ofl tfl*l Al^efloi^ A] 

°1 Al^eflo]^ A]#tfl (4, 4)5] ^JeLa]^ te °\)*\ a] ^ o] ^ 

§>A^^ (aH^o^ X\Q 10,000 M-^^Sf 20,000 M-^2x7> $I^r ^ -M , 
10,000 4t£r 20,000 M-i^^l ti]^^ a]^1^ o_^_ §>A| §1-31, 20,000 M" 

tsfe 10,000 M-^s^l yl§><^ ai^v^ 0.5. ^Hi 9X^-3- th) ^ 7]-^ ^oii % 

aH^ ^irf Al^^o_ S ^ Al^eflc]^ Aj-Bfl§ 5_ lf 5 ; . 2) ... Si- a AASLS. a] 

°\}*\^ fc, fc-i, ... ^i-n + i^l 1^a|^o^ ^7}^]91 n#2] a] 1:511 o]^^ &*mSL 
S. A|7fl A|^l OJfo] ^o]ol «^ ^ Tq\77}X\ Al^^. tC^A] o] 

^ ^ 2fAj# €t!H « A1^§>711 % v ^ 5A^|j f ^ 

<20> 5£ x^-^ h^o^a-^ 4|7il S^oflA-^ DUV(Design Under Verif ication)^^- 
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Bfl^Si^UHl ^flsHr 7fl# °l-8-tt ^-% V ^ ^(divide & conquer) ^ 

* Af-g-^- ^ ^cf. o] Tj-fofl^ 71^ dhHH^H^l- ^Tfl 2Hf £H#^Ai DUV^l- 

* ^ tfl^S. -*P8^r ^Ml ^ tfl^ol 1*> ^Hrefl^l^ ^cHH 

*r XI S-^- ^711 S3=efl 2Hf Y71-W. 1^ Al^eflo]^^- Z]- 
l-^-#^l H.€- o g^^f ^HsH ^Bfls 7.-1^ -^icHl , °11 3^ 

m.o] ^ ^©l sfl^ ^l^H^^ll- ^-ol Al^eflo]A£ M 

7fls] l-^-^-ofl tfl-g-s]^ M7fl^l Al^-eflo]^ aj^^o. o] <aq- ^o] zv 

€ SpUHlS. VCD Sf^)^: BlliH^lSr §r*l ^ ^l-g-^-Tll 51^ €3: 

4 Al-^^o]^ ^spS ^1?># ^ §11^ ^^Ml Al^eflo]^ 

API (Application Program Interface)* *HKRr ^(Veri log^H^ PL I , VHDL°1M 

FLI §)^>1 neiM- API# AV-g-^ if^o] 57 = ^ 

i=H "S^l^Ml API ^^llJ^S. ^l-irefl^l^^ ^-^7} 3.7)] *1*H§£. 

S. mLT% $cf. neiM- ^e^l m.^ x\^^)o}^(6\}^ Synopsys^l 

VCS 7.0^4 1 ") c >ll7iir API# 7>-g-^l Qjl <qjf SH.S.l-(<mS C, C++ 2H)f A^ 
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oj^ollAi ds t oj^xl HJ-^I ^ ol-g-^ Al^eflo]^ ^4<g# 

«3^Ai Al^efloi^ Al^rf. ^ Alzi^^om- 

t^^i ¥^*b ^nm^ o.jl y>^-*><^ ^ ^oflAi 

<2i> oi<q- ^ -. 7 >xi 71^^ Al^-^o]^ « 0 Vtf§oll ^£^1 ^-^ 
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<22> neiM- ^HH A Al^-eflo]^ w^sf B ^ll-iSIM^ y o v^^ ^ o.^ 4 

Al^-^o]^ ^ (4, 4)7]- nfl^- ?J ^-fofl ti , ,._ lf 

oi^o^ ^^.^oi^oflAi elicit f%d\*\ ^ 7 |. 3. ^-fo^ 

<*r 91*}^ =LnSL ®& Al^>ol B Al^eflol^ a^cUsi ^^}t\) &t%. 

<23> ^>7l ^ ^xgo] cfS. S.^ ^ <^#^ ^w.^ t=t£0- ^ 

*1 oflofl tfl*> A o >xfl*> ^tg^ ^.Sj.^ ^«fl§>7fl H.5|l+7fl € ^H^. 
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<24> 511 %^-B\<$X\ ^5]^ ^ ^HH^M^ *\^d\^% g 

^fi^S. ^€ £ #^^| W ^ «g i# 7fl^^jo_S. 51^ 

<25> 512 ^r, ^^EioflAi ^5]^ ^ iHH^H^ A] o] bJ # £f 

Tfj^ofl ^ ^711 3J-*1S] ^ <H 7fl^5l5- 51 A]^ £^o]cf. 

^ n^J§Rr 7fl^5lS 51 A] €rj- ^ojr}. 

<27> 514 1*> Al^-eflo]^ T^ofl ^7)*)0-S. AH-^O]^^ Aj-Bfls. x-^S} 

31, ^l^S] X|l-elH^ol)A-i Aj-71 1*> Al^-eflol^ollAi 1 ojAj-o] A] -i§- 5)] 

<=>1^ ^§0^ O] X^o] <^C^ Al^-5flolAj X\&o] HJ-^JO] ^^-^o]^ 
Al^fl it a , t e )$\ ^SAl^ ^oflA-l Al^ol^ Al^O.5. ^ ^ xfl ^ 7]-^ 

^^Aloll^ A}7^^0_S_ £A} Al^eflolA£ Aj-Bfl# 5-2, ... Si-o Z^^S. 

All-^ol^^ ^-Bfll- ^X>^ Zl-ZVo] Al^-eflolA£ a]7> ft_ 2 , ft_ 2 , ... 
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^SLS. ^J^Rr 7fli*^ 517^ ^^l^. 

<28> 515(a) 511 3j- ^ ^§31 7fl^ 
£.5. 517^ ^co]cf. 

<29> 515(b) *r 512 ^ ^) *r3)*Rr szj-^ yfl^ 

^.S. 517-]*!: 1r7-i51 0 ]i4. 

oo> 516(a) tt 512 ^ °l-g-^r ^Til ix> o]«lo] Al^eflo]^ 

37 o]§ Aj^eflo]^ #1^H *l"g-*H>ll ^fl^Rr 2}-^^ 51A]^ neJo] 

<31> 516(b) 512 5f ^ ^1-8-^ i§7fl 1^1- o]«loj a] 5fl o] >g 

1*> Al^-eflol^ A^El A|7il SH-Ofl ^fl §Rr ^ 
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2.3*1 

^ Al*M: ^§H, *fl<*fl ^fl§Kr ^ % 

<33> o]Aj- vfl-g-^ ^A}2^ Tg^S] 7l#AHKg- <£^--5}x) o^§[ 
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[^T L * 1] 

^-7} ^ ±.B.^<>\$= ^711 SJELofl 7}^i|-^ tg-Aj^ ^§><^ Jf 7 > 2Bf 

aI^H^o] ojs^^ ^ oj-^s. lit i*> >M1;3M 

& ^cflAi O.S. flS^r §1-^1, >S-7l o] BIS ol^-*V a] 

^§1-^ Aj-71 a^^sl ^jiS o] ^iL-i- 

<^ 1^ c]^ Al^eflo]^^- Xl^Tfl ^^5^ 7}^}7\) §>fe AJ^I 3^ # 

2] 

Al^eflol^^- ^Til #*fl§Rr ^711 ^1# ^o>tfljL 
^r^Kr 4^1 « 0 V^o]l ol^A], 

Aj-7l A] 1-511 0]^^- ls]ol Al^^cl^^ Cl^ol m o]J$.cj\ Al^eflol 

M-¥^ai ^JSH, A o v 7l i*> Ai^eflo]^^- ^«3^a-1 Aj- 7 i m ol^ol A ] 
Irefl^^* ^ Al^efloi^ ^014 s^c-fl ^fl*H=. ^ #^-#<^l ^ 

*H AH-efloi^^oi oi^^^ + oins ^t-n o_*V 2j4^s>l i*> Ali- 
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6 l-8-*H ^>¥5]-€ #<^1-ji, #71 is> Ai-i-sfloi^ 

*\ #71 ^^*b^l ^*l-al, °1 ol-g-SH #71 lxl- ol^L o} 

^H-^fl^l^-i: ^«M1 ^sJS^ ^ 7>^§l-7ll 7^ H D Vtf. 

Mi 1 * 3] 

*)1 2 *j-ofl sa^i, 

j^^Sl ^ ^ol 1^1- Al^-^o]^ ^cHIa-I oj^ Tj^o.^. x\ 
$%<$X\ X\^]o]^ #Bfll- 1 o^o] sj.^ X-1#S>^ ^711 7^ H 0 >^ 

13 ^8" 4] 

3^^o] ^ ^ol X\^6\& aZf^oflA-l ^711 5LI^o\} ^^\~ ^ 

#^1 3^ ^EflS. 7-1 #§>^ ^711 7^ 
13^8" 5] 

A 3 %H1 9X°)*\, 

1%\ Al^ello]^ f^ofl i ol^l-o} Al^ofl^ l ol#Sl Al^eflo]^ 

#Bfl# ^ofl^ 1 ol#Sl Al^eflol^ Aj-Efl-. A^H olJBro} Al^ellol^S.^- 

#71 1 ol#Sl Al^eflol^ #Hfl^l^^-Bl A^^ ^ AH-^©lBl# 1 

31 ©1# ^ofl ^5lH^ IS] °1# ^*J§>^ A^j S^ofl ^fl^Kr Al 

n^^^f Tg^ofl tfl^ HJ-^I^ ^*J*Hr ^31 ^ 
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WW 6] 

*l-g-iSIM>S #^§Kr ^ofl 1a> Al-g-^|ol>a ^ a] oil ^l^r^l 

^>Bfl# *|^Kr Al-i-^flol^ A] #2} 0.5. ^10J -loll oli^ Al^eflo]^ 

if- JZj-^oflAi Aj-Efl# A]^oj Al^ellol^ A^^O.^. $6\] -fAi 

<LsL §H Al^eHolEioll ^l-i-iSflol^ol A] ^} 6]# Al^^O_ S Z\]<£ ^ 

§>A^ ^AitflS. AlTll oil ^fl§Kr ^n^Sf ^#^1 

^fl*v ^3l*Rr ^§31 ^ ^ 

13^8- 7] 

lAl- Al^eHol^ X\e$ ^Oll 1 clAj-ol Al^ofl^ A] !-5fl o]Ai Aj-Bfll- A^H^ 

y o^* save Aj-g-^l-ji, o]^ AH-ello]^^^ a] 

3€ 1 °l A o^ ^^HH^ A]^ ^ olxrs. Al^eflolBl^ 15] o]Aj- 

a|a^ ^Ml ^ s 3*>^ y o v ^# ^I^He^ restore ^ restart ^ 

^<H# ^31 3^ H o^ 
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WW 8] 

1*} Al^^o]^ ^ofl ^711 ^fl§Rr 1 1-^-^1 <y 

*t?fl ^ ^ 
9] 

SIH# ^>Bfl§ zj-zj-i: °l-g-*H 2S] j=Lg. Al^o]^ ^ ^o^. 
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tb 3^^H ^^§>J7 All-iSfM^ ^3f# *fl^Rr ^711 

13^* 10] 

3f ol^ zi-zvo] oie^ oi # ^ ^ Al^eflol^ ^^cflxi hj-^]*V 2 <W 

* o|-g-*}a} £L^^o. S ^^o.^. ^§}JI, 2 ol^-o] ^azf#^ 

°l-g-*M * ^^-H #*fl3 Al^-eflo]^ ^ 

^SRr -i^l ^ ^ 

IttiQ- 11] 

<S#^* i*> ^-i-^n^^ ^^HHH TO2 °W 
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